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NATTIONAT. ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FLIGHT EXPERIENCE WITH TWO BIGH-SPEED ATRPIANES
HAVING VIOLENT IATERAT~TONGITUDINAL
COUPLING IN AITERON ROLIS

By NACA High-Speed Flight Station

SUMMARY

During flight tests of two high-speed alrplane configurations,
violent cross-coupled lateral and longitudinel motions were encountered
following gbrupt rudder-fixed aileron rolls. The speeds involved
ranged from a Mach number of 0.7 to 1.05. The motlions were character-
ized by extreme variations in angles of atteck and sideslip which
resulted in load factors as large as 6.7g (negative) and Tg (positive)
normal acceleration and 2g transverse acceleration.

TNTRODUCTION

During flight testing of the X-3 straight-wing research airplene
and a swept-wing fighter-type ailrplane, a number of alleron maneuvers
were performed which resulted in extremely vioclent Inadvertent lateral
and longltudinal motions. In the case of the X-3 the lnadvertent
motions resulted from level-flight aileron rolls at M = 0.92 and 1l.05.
The fighter airplene encountered the violent motions as a result of an
aileron roll at M= 0.70. In all cases the motions were characterized
by the attainment of large sngles of sideslip and sttack with resulting
high load factors.

The present paper presents the first data with little attempt at
analysis, since it is felt that data showlng this behavior will be of
general interest in that other current alrplanes might be expected to
encounter similar behavior.
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SYMBOIS

transverse acceleration at center of gravity, g units
normal acceleration, g units

structural bending-moment losd, exposed penel, in.-lb

airplane normal-force coefficlent, AZW/qS

aileron stick force, 1b
rudder pedsl force, 1b
elevator stick force, 1b
pressure altitude, ft

incidence angle of all movable tall, leading edge up is
positive, deg

structural shear load, exposed panel, 1b
Mach number, corrected for level-flight position error

structural torque load, exposed panel about the quarter-~
chord of the panel mean aerodynamic chord, in.-1b

static pressure, 1lb/sq ft

rolling angular velocity, radians/sec
rolling angular acceleration, radians/sec2
pltching angular velocity, radiens/sec
dynamic pressure, 0.7 M2P

pitching angular acceleration, radians/sec2
yawing angular velocity, radians/sec
yawing angular acceleration, radians/sec2

wing ares, sg ft

at

&t
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time, sec
W airplane weight, 1b
lod indicated angle of attack, deg
5] indicated angle of sidesliip, deg
8g alileron angle, deg
(o0 rudder angle, deg
Subsecripts:
W " Wing
HT . .. _horizontal tail
vT vertical tall

ATRPIANES AND IWSTRUMENTATTON

The mass end geometric characteristics of airplane A, the
X-3 research aslrplane, are presented in table I, a three-view drawing
is shown as figure 1, and photographs are shown as figure 2.

Airplane B is a fighter type, the mass and geometric character-
istics of which are presented in table II. A three-view drawing is
shown as figure 3 and photographs as figure L.

Both of the airplanes were instrumented {o record those quantities
required for stability and control and wing and tail load investigations.
The loads were measured by means of straln gages located at the root
stations of the surfaces of airplane A and airplsne B.

The Mach numbers presented are corrected by the airspeed calibra-

tion obtained in level flight for eirplane A and from the manufacturer's
calibration for airplane B.

TEST, RESULTS, AND DISCUSSION

The alleron maneuvers presented in this peper were performed during
investigations of handling qualities and wing and tail structural and
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aercdynamic loads and consisted of abrupt aileron rolls with rudder fixed
performed from a wings level attitude.

The time history of an abrupt left aileron roll for airplane A
flylng at a Mach number of about 0.92 at an altitude of 30,000 feet is M
presented ag figure 5. While the allerons are deflected for the ailerom
roll, a favorable sideslip angle is generated, together with a rather
large increase in angle of attack. (The initial decrease in angle of’ z
attack is probably attributable to pilot stabilizer control input.) At
time 3.8 seconds, even though the pilot is now applying 10° right aileron
control, left rolling velocity increased and exceeded 5 radians/sec
accampanied by violent piltching and sldeslipping motions. During this
uncontrollable phase of the maneuver, an angle of attack of 20° and left
sideslip angle of 16C were encountered. It might be of interest to note
that the onset of the violent maneuver coincided with the attainment of
the sngle of attack (a =~ 8°) at which unpublished flight data indicates
the occurrence of reductlon of longitudinal stability. Also, the angle
of attack of 8° caorresponds to the angle of attack at which a reduction
in the measured wing 1lift slope occurs; therefore, large wing loads were
not experienced at the maximum angles of atback (fig. 5(c)). After the
primary rolling motion has subslded at t = 5 seconds, the large lateral
and longitudinsl motions damp falrly well.

FrYl

s

Another left roll time history for airplane A 1s presented in
figure 6 for a Mach number of about 1.05. During this maneuver the
favorable sideslip bullds ‘up repidly with roll veloclty and peaks at
21° at the time the alrplane ceases rolling left. This large sideslip
angle results in gbout 2g transverse acceleration. Near the time at
which maximum sideslip occurs (%t =~ 4.0 sec) a large divergence in
pltch develops in the negative direction which attains about -6.7g.

The pilot applied control to stop this pitch-~down and immediately
reduced the control deflection, but was unable to avold obtaining Tg
when the alrplane pitched up. Maximum wing loads measured during the
meneuver did not approach or exceed the design limit load (fig. 6(c));
however, the fuselage load obtalned from airplane weight and accelera-
tion, and horlzoptael tail loads, and wing load showed maximum values of
63,000 pounds. These meximum values approximeted the limit design total
load of the fuselage. The measured horizontal tall loads were near
1imit design losd (fig. 6(d)). The maximum measured vertical teil loeds
reached approximately 50 percent of the limit load (fig. 6(e)) at side-
slip angles of 21°. Tt may be noted that s reduction in vertical tail =
load with sldeslip was experienced at sideslip angles about 8°. In this

maneuver, as in figure 5, when the rolling stopped, the airplane motions .

quickly damped. ) _ _ o

The measured quantities for an abrupt left aileron roll for airplane B
at an altitude of3Q,000 Téet and a Mach number of O.T70 are shown as
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figure 7. Unfortunately, the roll record was lost as a result of
instrument malfunctioning. As peak alleron deflection is atbtalned,
there is a steady development of left (adverse) sideslip and a pro-
gressive decrease in angle of attack. Between +t = 3 seconds and

t = L seconds, the divergence rates are accelerated considersbly and
negative angles of attack greater than 16° (-k.hg) and left sideslip
angles as large as 26° were reached in the more violent stages of this
meneuver. Maximum vertical tail loads of 5,500 pounds were measgured at
a sideslip angle of 26° (fig. T(e)). It may be noted that apprecisble
reduction in the rate of increase of vertical tail loasds with increase
in sideslip angle occurred at a sideslip angle of 7°. It also should
be noted that & rather large stabillizer input to oppose the motion and
a swall rudder input to aggravete the motion were fed in by the pilot.
Recovery was affected by bringing the stabilizer and rudder controls
close to their initial settings and permitting the airplane to recover.
The slat motions shown result from aerodynamic and inertia loads, the
slats being free floating but with the segments loosely intercommnected.

The behavior of the two alrplanes in the alleron rolls is similsr
in that large cross-coupling effects are evidenced. The airplanes are
loaded primarily aslong the fuselage, pariticularly in the case of
airpla?e A, so that considerable inertial coupling is expected (see
ref. 1).

CONCLUDING REMARKS

It is evident fram the time histories presented herein that violent
coupled pitching and yawing motions cen be encountered during sbrupt
aileron maneuvers. This motion is sufficiently violent to cause the
pilot to lose control of the alrplane and could easily result in struec-
turel failure. ' -

High-Speed Flight Station,
National Advisory Committee for Aeronsuties,
Edwards, Calif., December 27, 195k.
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TABIE T
PHYSTCAT: CHARACTERTSTICS (OF ATRPIANE A
Wing:

Adrfoil section . . . . e s o e o » » o Modified hexagom
Alrfoil thickness ra.tio, percen'[', chord e e e e e e e e e e e L.s

Alrfoil leading and trailing edge angles, deg -« « « « « « « . . 8.58
Total aref, B8G £H + « + « o « ¢ = o ¢ & « ¢ = s 4 4 = s e a o« . . 166,50
Spen, ft+ . . . . e e e e e e e e e e e e e e e .. 22,69
Mean serodynamic chord, FE o e e e e T.84
Roob chord, ££ . . «. ¢ ¢ ¢ ¢« ¢ v 4« e v 4 s o ¢ s @ o 4 o . 10.58
T:chhord,ft..........................ll—.IL'L
Taperratio........ e f e s e s . « e e . - 0.39
Aspect ratio . . . « o e e 4 s s s e e e s awe s e 3.09
SweepatOT‘jchordline deg..... - e s s s s s s ow e 0.00
Tneidence, deg@ . « ¢ « & o« ¢ & o ¢ o a o o s a a o + o o = . 0.00
Dihed.ra.l,d.eg......................... 0.00
Geometric twist, deg . . . « e e e . e e . 0.00
Alleron erea aft of hinge ]_'Lne (ea.ch), sq f‘b T (s 4
Adleron span at hinge line {each), £t . . . . . . . « « . . . . . 3.25
Aileron chord aft of hinge line, percent vin,g chord . . « . « . .« 25.00
Alleron travel (each), deE . « « = « « = = = « « « & = = « =« - . ¥12,00
Ieading edge flap, type . e e s 4 s e s e s e e e Plain
Ieading edge flap ares (each), sq PE o e e 8.38
Ieading edge flap span at hinge line (ea.ch), £t . e e e ... 8.916
Leading edge flep chord, normal to hinge line, in. . . . . . 11.50
Iea.d.ingedgefla.pmvel,d.eg.... e e s e s s e s . 30.00
Tralling edge flap, type e e e e e e e s e e Split
Trailing edge flap area (each), sq EE . 8.61
Trailing edge flap span, £ . . . . . . . . . . 5.08%

Tralling edge flep chord, percentwingchord. c d e s s e . e . 25.00
Trailing edge flep travel, deg . . « « ¢« « ¢« ¢« = « s « « » « - «» 50.00

Horizontal teil:
Airfoll seetion . . . . . . . Modified hexagon
Adrfoll thickness ratio a.t roo‘!: c.hord., percent chcrd. . . .« .. 8.01
Alrfoll thickness ratio ocutboerd station 26, percent chord . . . 4.50
Adrfoll leading edge angle, deg . - + « - « « « « . . « o . . 131.96

Alrfoil trailing edge angle, deg . . e 8.77
Total aree, s £t . . . . « « & . . . . e e e e e e e . b3z o0
Spen, £t . . . . e e e e e e e e e e .. 13T

Ll TR
B ¢

Mea.na.erod.ynamicchord 7t .0 ..
Root chord, f8 . . . . . . .

.
e 4 e a2 s @

Tipchord, £H - - + -+ & ¢ & & ¢ v c s o o s « 4 8 s e e e e ... L8B4
Taper TBELIO &« & ¢ + t ¢ ¢ 4 « o 4 o o & = « o s s v o s s 0 e -« 0405
Aspect ratio . . . . e e h e i e s e s e e e s e e s« k.38
Sweep at leading ed.ge, d.eg . . e s e e e s e e s e e e . . 21.14
Sweep at tralling edge, deg . . « . . . . . . ¢ 0 . e 4 e e .. o}
Dihedral, deg . « « . « « . e s e e o e s s s & s & e 5 2 = o 0
Travel, lea.ding edge up, deg e e e e e e . e e e e e e e e 6

Trevel, leading edge dowvn, deg . . . . . . . . 17
Hinge line location, percent root chord . . . . . . . . . . . . . LE.b4E
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TABIE I.~ Concluded

PHYSTCAL CHARACTERISTICS COF ATRPIANE A

Vertical tail:

Airfoll section . . . e e . Mbdified hexagon
Airfoil thickness ratio, percent chord e e e e e k.5
Alrfoil leading and tralling edge angles, deg . . -+ . . 8.58
Area, sq £t . . . . . . . . . e e e e e e e 253.73
Span, ft . . . . t ot e e e s e e s e s e e e e 5.59

Mean serodynamic chord, o S .69
Root chord, ££ .+ « v ¢ ¢« v ¢« & 4 & ¢ o ¢ « v o v « « « . 6.508
Tip chord, ££ . . ¢ ¢ « ¢ v ¢ ¢ ¢« v v o 4 i e e e e e e 1.93
Taper ra&tlo . . ¢ o ¢ ¢ v v v i v 6 e bt e e e e e s 0.292
Agpect ratioc . . . e ke e s e e e e e e e e e 1.315
Sweep at leading edge, deg e e e e e eTi e e e e T k5,00
Sweep at tralling edge, deg . . . « « ¢ ¢« ¢ « ¢ 4 o . o« .9.39
Rudder srea, aft of hinge line, sq ft . . . + « « « . . . 5.441
Rudder span at hinge line, ft . . . . . . . . . . . . . . 35.535
Rudder root—<hord, £t . . . . « + « ¢« « v v ¢ 4 ¢ 0 v . . 1.98
Rudder tip chord, ft . . . . . « . « ¢« ¢« « 4 4 v o . . . . L0997
Rudder travel, deg . . . - « . ¢ ¢« ¢ ¢ ¢ 4 i 4 e e e .. 120

Fuselage:
Iength including boom, f£ . . . . + . v 4 « = v« = =« . . . 66.75
Moximum width, Tt « ¢« « ¢« ¢ ¢ & v c ¢ % 4 4 e e e e e e 6.08
Maximum height, £t .« « « o « « & & o 4 4 4 e . 0 n . .. k81
Bese areg, 89 ft . . . ¢ v 4 i ik e h e e e e e e e T7.94

Power Plant: - . _.
Two Westinghouse J-3h-WE-17 with afterburner . -
Thrust each engine (guarantee SID 1bs - afterburner . . . k,8
Mlitary . . . . . . e . . . . e e e e . 3,357

Adrplane Welght, 1b:
Basic (without fuel, oil, water, pilot) . . . . . . . . . 16,120
Total (full fuel, oil, water ~ no pilot) . . . ... .. 21,900

Center of gravity location, percent Z: S
Basic welght -~ 8T QOWN . & - & v & v v « o « « ¢« o « « 2.6%
Total weight = gear doWn . « « &+ v v = v v v v o o o o & k.59
Total welght -« ge8X UP . ¢« ¢« v ¢ ¢« ¢ v v T°6 ™% "¢« o o » 3.91

Moments of inertia (estimated for total weight)
Ty, slug-ft2 . . .. .. .. k100

Iy, slug-f£2 . . . . . L . L ..o e e w0 ... 61,200
Iz, 8lug-£t2 . . . . . . . o i e e e ey e e . . 65,100
Iyzs 8LUE-FE2 . .« v o v . 4 o w e .. aEY o at. o ByP00

Inclination of principal axis (estimated) below
reference axis at nose, deg . . . . . c e e e e e e e 3
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TABLE IT
PHYSICAL CHARACTERTSTICS OF ATRPLANE B

Wing:
Airfoil section . . . « « .« o . . e e e e e e « « « . . NACA 64AOQT
Potal area (including aileron end 83 8h sq £t covered

by fuselsge), sq £t . . . .

Span, T & « « & 4 ¢ o s ¢ & & @ ¢« 4 4 4 s e s s s e e s e e s e« 36,58
Mean aerodynamic chord, ££ . « ¢ ¢ & v v ¢« ¢ ¢ ¢ 4 e o 0 s 4 v e e .. 1133
Roob chord, £E = . « ¢« ¢ o o o « o o o ¢« « o+ s o & s « = « o o « « . 15.86
Tip chord, £6 ¢ ¢« & 4 v 4 & o 4 « 4 o o o o o o s a o o o o o = = o k.76
Taper retio . . « « . « . . e e & s 8 s e e o 8 o & e o 4 a s s o & » <30
Aspect ratio . . - 1S
Sweep at 0.25 chord line, deg et e e e e e e e e e e e e e e e e e e .45
Tncidence, deg . .« « ¢ ¢ ¢ o & ¢ 2 ¢ 4 s o e 4 2 a2 e s e e = e e - o]
Dihedral, GBE « « « « « ¢« « o« &« o« s & o 2 = s « a s a o s o s a s o o = (o
Geametric twist, deg . . - .« . . e s s e s e o s s e s s e o s (o]
Alleron ares eft of hinge 1ine (each), sq PE . i i i e i e ke e e .. 10.32
Mleron span at hinge line {each), £t . . « . « ¢« = = ¢ ¢ + « = 2 =« « - T80
Afleron chord aft of hinge line, percent wing chord . . . . « . . . . . 25.00
Alleron travel (each), deg . . « + « ¢ & « o . G e e e v e e s . . EI5.00

Irrevergible hydraulic boost and ertificial feel
Asrodynemic balance . . . . « < 4 ¢ & 4 2 4 . o« o a .
Static balance .« + ¢« ¢ ¢ & ¢« ¢ ¢ o v « « 2 s o « o « o Internal lead welghts
Teading edge slat span, equivalent, ft . . . . . .
Ieading edge slat segments . . . . « e . - . .
Teading edge slat spanwise locetion, inhoard end,

percent wing semispan . « « = « 4 ¢ 4 4 e s s e s 8 = e s s e e a . 24,6
Leading edge slat spanwilse loeatlon, outboard end,

percent wing semleDam . « « . « 4 ¢ ¢ ¢ ¢ e 4 o 4 o o o S«
Ieading edge slat ratlio of slat chord to wing chcrd

{perallel to fuselage reference line), percent . . . « . « « « . . . 20.0
Ieading edge slat rotation, meximum, deg . . « « « ¢« « ¢« « « &« ¢ o . . 15.0

Horizontal tail:
Alrfoll section . . . « a e s & o & s c e o @

Total area (including 31 65 sq £t covered by fUSelaeﬁQ, sq Pt . . . . . 08.86
Span, Pt <« . ¢ 4 4 4 e e o4 e oo e e e s e e e e e s e e e e .. 1872
Mean aerodynemic chord, 0 > 7F <
Roob chord, £t . . & & & ¢ 4 & 4 4 & v 4 s v s st s e s e e e s s .. 8.4
TID CROTA, T « = « o « o o ¢ o o s o o & o v o s o o a v s o e e ... 246
Taper r8H10 ¢« « ¢« ¢ & ¢ 6 ¢ o 4 ¢ 6 4t e s s e s e e e e e e e s e e 0.30
Aspect TBEIO & & 4 4 4 4 4t 4 e s e e s e e e e s e e e s e e ose .. 35,54
Sweep ab 0.25 chord Tiné, Aeg « + « « « o « « « o « « » = s « o & & « hs
Dibedral, @€ . « ¢« ¢ ¢ 4 o ¢ o o s « « o« o o o s s s o = o o a o s « s Q
Travel, leading edge Up, deg€ . « + ¢ ¢« ¢« ¢« ¢ ¢ 2+ ¢ o o « o o 4 o o« = 5
Travel, leading edge down, deg . . c s s e s a4 s 4 e e s a s e e 25
Irreversible hydreulic hoost and artificial feel

Vertical tail:

Airfoll section . . . . . e e e . .« « - « » . NACA 65A003.5

Area (excluding 3.16 sq_ft dorsal fin and 2.11 sq £t

blanketed by fuselage), 80 £t « - « - 4 ¢ 4 4 . 4 . 4o e e e . .33'51;
Span (unblenketed), £t . « « - + 4 & 4 4 4 e 4. o«

Mean serodynemic chard, £H .+ + ¢ & ¢ 4 4 4 4 b e e 4 e s e e e e 5 83
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TABIE IT.- Concluded ' ' -

PHYSICAL CHARACTERISTICS OF AIRPIANE B

Root chord, T T e TV e eV e VT T T T T T T Il 7. .
TID CHOTA, FE & vov o v o e e e e e e e e e e e e e e e 3,32
Taper r2td0 . v v & ¢ o & ¢ o S0 . o« 0.428
Aspect ratio . . . .. e e e e e s e st s e e 1.06 —
Sweepat025chora.line,d.eg...'.. I5
Rudder aree, aft of hinge line, 8@ £H =« « + « + &+ ¢ « & o ¢ « o« + & 6.3
Rudder epan 8t hinge line, ft .. . . . . . 3.3%
Rudder rootchord, £t . . ¢ + ¢ v ¢ ¢ v o 4 o 4 o ¢« v 6 o o s o 2.27
Rud.d.ertipchord,f‘b....................... 1.50
Rudder travel, deg . . « - « s « « « s o « o e e e e e e 120
Rudder spanwise location, inboard end, percent—rudder span . . . . . 3.6
Rudder spanwise location, outboard end, percent rudder span .- . 57.9
Rudder chord, perdént vertical ta.il chord . ... “ e 4 e e e e 30.00
Rudder serodynemic balanée . . . . « + « « « « « « » . . Overhanging, unsealed
Fuselage:
Length (afterburner nozzle closed), £t . . & 2« « + « . - L5.64
Moximum widbh, FH6 .+ ¢ ¢ & 4o ¢ ¢ v ¢t 4 ¢ 0 s e s e e e e e e e 5.58

th over canopy, 6.37
Sidearea?total),sqft..g.__ . e e e a e e s e e e . 2%0.92 <
Fineness ratio (afterburner nozzle closed.) e e e e e e e e e e 7.86 .
Clean airplane: )
Total surface aref, G £H . « + + = « o &+ o &+ o + & « « « « « + . 1546.58 .
Total froptal erea, sq £t . .+ v i v+ o i 4 S0 T T 0T . . . 53,82 .
Speed. brake:
Surface ares, 8¢ £E . . . . ¢ 4 ¢ 4 . 4 . b 4 e s e e e e e e .1h
Maximum deflection, deg . . « & . & ¢ ¢ ¢ ot d e h e et e e e . 50
Power plant:

One Pratt and Whitney J57-P7 turbojet engine with a.fterburner

Thrust (guerantee ses level), afterburmer, 1b . . « o « o « « « & 15,000
METZERYY, 1D & & & & ¢ o ¢ & & o 4 s o 4 & s s a e e e s s e e s 9,220
Normal, 2D o = v 4 v 4 ¢ o v o @ o o o & = ¢ o = s o o o o o 4 o 0 o 8,000

Alrplane welght, 1b:
Basgic gwithout fuel, oll, water, PAIot) . . « + o« ¢« o 4 b 4 o .. . 19,662 . -

Total (full fuel, oil, water, pliot) . . . . . . . . . . . v o o .. 2h,800
Center-of-gravity location, percent &:

Total welght - geBX GOWR « . + & + & v o ¢ o ¢ « o ¢ o s o o o o o » 31.80

Total weight = EAT UD + + - « « « + « « = « o o o = s o « o o & o o 31.80

Moments of inertia (estimated for total weight)

I, 8Iug-£t2 . . . L . v v i e e e e * e s e e e a e e e 11,105

Ty, slug-ft2 - . « - . ¢« ¢ . 4 e e e e e e e oo . . 59,248
Ip, slug-£t% . .. UL L T L oL L UL 67,279 ) .
Ixz,ﬂlug-ft2 gh1

Inclination of principal axis (estimated) below reference
axig at nose, ABE . . -+ 4 4t e e 4 e e b e 4 e e e e e e e e e 0.8
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Figure l.- A three-view drawlng of eirplsne A. All dimensions in inches.
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Figure 3.~ Three-view drawing of airplane B. All dimensions in inches.
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Figure 4.- Photographe of eirplane B.
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(b) Three-quarter rear view.

Figure 4.- Continued.
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(¢) Three-guarter fromt view.

Figure 4.~ Concluded.
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(a) Stability and control plots.

Figure 6.- Time history of quantitles measured during an sbrupt aileron
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(a) Stability and control plots.
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